In this short paper a recurrent neural network, that behaves as the double scroll, is stabilized and controlled by means of linear dynamic feedback. The controller design is based upon stability criteria for neural control systems and involves the solution of a nonlinear optimization problem.
Introduction
In recent years several approaches were taken in order to control chaotic systems, such as parameter variation techniques, the oscillation absorber concept, control theoretical approaches or control via impulses (see e.g. ?, ?, ?, ?]). Many of these methods are investigated with respect to Chua's circuit.
Here we present results on controlling a recurrent neural network emulator for Chua's double scroll. The controller design is based on global asymptotic and I/O stability criteria for neural control systems. The problem is considered from a control theoretical viewpoint.
The method is not particularly intended for controlling chaotic systems. Other types of behaviour such as multiple equilibria or (quasi)-periodic behaviour, generated by recurrent neural networks, can be controlled in a similar way (see ?]). This paper is organized as follows. In Section 2 the recurrent neural network is shown that behaves as the double scroll. In Section 3 the control scheme, stability criteria and simulation results of converting chaos into a stable point and periodic behaviour are discussed.
A recurrent neural network behaving as the double scroll
In ?] a simple recurrent neural network has been derived that has a double scroll portrait.
The network has one hidden layer and is of the form x k+1 = W tanh(Vx k );x 0 = x 0 given (1) with interconnection matrices W 2 R n n h , V 2 R n h n and n h the number of hidden neurons. 
which is of the form 
Stability criteria for the control scheme
The following Theorem holds for global asymptotic stability of the closed loop system (4). Theorem 1. A su cient condition for global asymptotic stability of the system (4) with zero external input (w k = 0) is to nd a full rank matrix P such that P kPV 1 P ?1 k 2 < 1
where P = kPk 2 kP ?1 k 2 denotes the condition number of the matrix P. Under that condition the equilibrium point p = 0 is unique. Remark. The same Lyapunov function V k = kPp k k 2 gives for a linear system p k+1 = Ap k the condition kPAP ?1 k 2 < 1. Observing that min P kPAP ?1 k 2 = (A) this leads to the wellknown fact that the spectral radius of A should be smaller than 1.
Simulation results
In order to stabilize the chaotic system (1)(2) A rst order reference model was taken with n s = 1, R = 0:5; S = 0:5; T = 1 in (3) and a third order controller (n z = 3). Full state feedback was applied with C = I 3 and three control inputs were taken with B = I 3 (hence l = m = 3).
Because the conditions (6) and (7) of Theorem 1 & 2 are not satis ed at the obtained local optima to (8) and (9) respectively, global asymptotic stability and I/O stability of the closed loop system are not guaranteed. On the other hand one has to be aware of the fact that P is an upper bound for the expression max p kP?(p)P ?1 k 2 and that the condition (max p kP?(p)P ?1 k 2 ) kPV 1 P ?1 k 2 < 1 is sharper than (6) and su cient for global asymptotic stability, but unfortunately hard to verify. Anyhow minimizing the upper bound enforces the system towards global asymptotic stability as can be seen on Fig.2 . This was veri ed after exhaustive simulation for several random initial states x 0 including the initial state that governs the double scroll in (2) .
In general the optimization problems (8) and (9) are nonconvex and might be nondi erentiable. In the simulations no problems were encountered due to nondi erentiability when applying Sequential Quadratic Programming, a method which is normally intended for solving problems with di erentiable cost function and constraints.
The simulation results of Fig.2 
